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ABSTRACT

This report gives <he user of -ha HP41-CV hLaniheld
programaable calculator or the IBM 3033 computer, 2 blzds
element method for calculating the *otal power raquired iz
forward, straight ard level high spesd flight Zer an
isolatred ro*or, The compu*2z prog-ams consis<t 2€ z main
program which calcula“es the n2gesszary iyraaic pacama<zcs <f
the mpain rotor and several subrduiines wnich calculazes power

c2quir2d as well as maxiaum forwac-d veldcity, s=all onse+

valocicy, and velocity for best endurarncs.
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I. INTRODUCTION

A, GENERAL

The basis for hzlicopter r2tor atalysis was dsvzlopel iz
“he early 1920's wher 5lavert ex=eaded propellar =ha20orTy =0
=h2 sp2cial case of rotatiag wings. Sinc2 tha=z =ims, <hs

iavelopment cf <hz d4igi«al compu==23r his o=2cais+3i many

w

In order toc daveslop a me+thod €5z oz-2dic<irng tTha “o5zal
zo>=¢r power Tequirad in forward £1light, iz is necsssary =¢

d2velop a method +tha< accura<s2ly pradicts ro+or dvaaaics.

252 prediceizrn of co*cr dynazics in forwzazd flight Is =
¢oaplex ope. Typizally, a helicop=2r -5=5z blzde sznccuntzaTs

h changes <capiily as i< moves aczcuni

QO

€lew environaenst whi

"

in 2zimu=h,.

In forwacd £1ligh+%, co%or biade sec+ions ar:s subdbisc=zd =0
azimu+hal vazia=iens in nc* only azglz 5% a=zzck but also
Yach nuaber, As a2 r2sul-, cemposhensive tecfocaznca
analysis of 3 helizop=2r is much aosza favsivsed <han <ha<s 2%
2 convan<ional airc-afe.

Recan= helicop=er d2s3ign +rends aavs Dbeeay in =he
jiz=2c*ion ¢f incr2asing +<h2 maxiaum forwarcd wvslosci-wy

pcssikbla as well as higaer blaie =ip s3p3zis. Sinzs =ha

10




speed of the helicoprter is added <¢ zhe sp22d 2£ zowz=isn <f

# the advarcing blade, *the highest r2lativsz veloci=zizs ~ccur
# a2z the tip o <h: advancing blade. Whan th2 sec=ion Mach

number 5 tha tlads tip exceeds <h2 critical Mach number cf

the airfoil, ccmprsssibilicy 2£fects resulc., Th2s2 cffecets
include a large iicrease in profile 3Iray and chzags iz
oi<ching moments, thersfcre crTea<=ing 2ddi<ioral cosowar

Teguissm2nts.

W

In all curcent helicopters ths-2 .3 3 teadsncy £o5r <he

z2+reating blade to s*all. Just as =hs s22ll 57 an aicplans

szall ¢cf 2 zotor 1limits ths high sp221 pozan<ial »f a
hzlicoptaz. The c2lacive velscisy of “ae z2zr=2a%ing blade
dacreases as forwac-d speed increasqs. Jowaver, ~ae
ca%treaziag blades wust produca +h2 same aaoun:t of lif+ as
<he advanciag blads. Tharsferz, as <he rzlaczivs velocizy of
{ <he +the rstresa*ing blade Jdecreases wish fcrtward spezd, <+hz

blade argle of tzack must be incraased o esqualize 1lif«

\ “h-oughou% <he the fo<or disc 3cea. As this ingl2 iacreas»ss
«he tlade will 2veatually stall a= some for-wazd spzei. Fos=

v -

~hese Teascns, <€*all and compressibility zhus ccmbiane =0

limit the perfcrmance £0 a helicoprar at highsr spsads,

1"




Por efficizn~ design o0f a helicep=2r, <the heliccptacr
dzsigner should hive the analy+ical <39ls nacessacy =¢
predict -~he performance of a hzlicopter. This r=por< gives
the user of <hes HP41-CV and -he IBM 3033 computar a m2aas of
calculating “he %*ctal power rzquiced ia forward, s+-z-aigh¢

and levsl fligh<.

3. CBJZCTIVE

Ths objactive was %c provide an izt:zraciive comducar
nrograa which ca:z be used during <he ini<ial Jssign stags =90
estimate the total power required by “hz main =zc=cr of a
helicopter, as well as maximum forwaci valocity vassible,
stall onse+ velocity, and bss< snducarnce vszloci-zy.

Addi«icnally, <he desizr2é accuracy chessn 2T <h2
beginning ¢f +his sffor+t was ¢tc ob=zain 22gle of at-ack
within a plus or a2inus one half 3dagrez, powsr zgtiza<ss
within ten par cent cf the ac-ual pewesr co23uizsd, and <o
sbzain the needed accuracy ia as shor< 1 Tunning <ime as

possibla.

12
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A. DESCRIPTION OF PROBLEM

For a helicopt2ar in level f£lighz, ths maximua foctward
speed is limi<ed by the power available 2g well as stall and
compressibility cffacts. I« ig <herefors advantcagsous *¢

ds2v=lop a siapla-to~-uss compu=2r p-ogrin tha s«ima<ss

o
w

blade s=2ll and compressibility 2f££fects an helicop=er

pacformance.

3. METHOD CF SOLUTION
In forwac-d £1light, +the asrodyramzc 2nvironment of <he

c9%or blade varigs as <he zo%or blaids 25%a<es with respecs

(e}
[#]
>
8]
n
®
o]
o
o
Q
o
fad
s
'J
=
o
5]
[{}]

<2 *he 1icection of £ligh=. Th2 me*ho
objectiva accuracy ignorss any vaciabiz no:t immedia%ely
izpacting on <he accuracy of <+«he dacerainazion of azngle of

az+<ack and power raquirements.

The me+thod utilized hersin uses 2 ccmbination of
tomen+am and blads 2lement *+hecry <5 perforzm rotor
parformance calculazicas. This 4heory is initially used =5

1

w
ot
[}

cmina +h2 induca2d4, profile, and parcasit2 power o-squircsd.
The solution method then utilizes a rlal2 alszmen< 2nalysis

<> predict =<he cyslic, <collective, 2231 inZlow angles

13
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associzt2d with tha rotor. These 3nglss are <hszn ussd irn
“hs calculation of the ro*or blada's angls of a=-ack 2t <hs
azimuthal posi<tions of 90 and 270 d=agreas. Compressibili-y
and stall power ace then estimated as a fuacticn of angle of

ar+ack and forward velocity.

14




II1. DESZRIZIION OF IHE RROBLES S2LUTL

A. GENERAL

The calcula+tien/pradiction 9f helicoptar performance is
primarily a matter of detsraining <he pover =c-equira2d and
power available ove: <he desirzd Zlight -2gime, Ths power
information may +*hen be used <+o predis: +he opzraticnal

capabiiities ¢f «hs aircraft.

it

For *he ideal helicop*er (no loss2s), in fcrwazi,
st*z3ight and lgvsl flight, powar requic24 can be subdividad
in+o five par+<s: inducad powsr, PI' raquiz2d to orcduce

ro%cr thrust; prcfils pover, Py, <Tequir2i ¢s cvarscome

ot
v
4

W

3kin frictiocn and pressure 4drag of *he maia ro=cr; Dparasi-=:
power, Pp, =requirsd to overcome the parasits drag 3f the
h2licepz2r; comctressibilicy powesn, P rzjuir2d <o sverconme

MO

<he increase in profile dJdrag when <h2 <3 Mach number
2xc2eds “he drag divergence Mach ruaber 5% thz aizfoil; and
szall power, Fg, =Tequirsd «5 accounr f£o- the ircrease It

z9%Or ~orque as a resnult of sa2trea<iag blade scall, Tha
HPU41=-CY and I8N 3033 c¢omputar prograas co53tainad herein
provides 2 simpls, quick means of 2valua<iag <h= power

s2quired by an isolatad rcctor.

15




B. ASSUMPTIONS

The major +ask in helicop=er ¢

d2termination cf rotor forces, an

‘J-

a3thod choser ignores any vaciabl

iapact on “h2 desired accuracy.

simplify =he compu+«a=icnal praces
assump-ions are mals:
1. Steady flow through the o

2. Smail angle approximat

rapresen<ation of the real world p
3. A1l blades considsred are

wizh cnly uriform twist pessibla.,

4. Hinge off-se% is zero (i
passes through the C.G.) .

5. The s=all angle c¢r aost

. sporoxima+=2d by “h2 angle +hat oc
airfeil,

6. The helicopter is trimmed
su? cf all “he mcmaa*s abeut <hsz ¢
zaco, 1all forces ar=2 in balance,
flapoing is present.

16

grformance analysis is <h

k]
=

glss, z2nd power. The

¢ <hat 3ces 1ot 3ireccly

Ther2for2, 4in crizz to

s usel, the following

~or sSvst:am.

1
- -

ions are a valid

hanom2na.

z2c*angulazs (ncn-%wipered)

e 2ey vscetor

als

-

h coptz2r blades can be

cuss a+« CLMAX <for a 2-D

This impiies =ha= <h2

is

en+t2s 2% gyravisy (C.G.)

and =hat no lazsral




7. At 3%*all 2ns

<, +hz wvalu2 >f s23ctien iz:g
¢coefficieons jumps approximately 0.08.

8. The rotor ro*ates coun-arclockwissz,

Ce NOMENCLATURE

"s«andaTtd" acmencla<ure is used., App2aix 1 coaizias an
alphabseical list defining all +h= symbois 2124 ansasnics
used in “he 3dsvelooment of <his reporz. Adoendix B s2azains
an alphabetical list 5f all HP4 1-CV displays uszi in =he

HPU41-CV prcgcanm.

Dd. INITIALIZATICN
I+ is assumed that the iai%lal design Hf =ae hra2licepta:s
has been completed 214 “ha+ <«n2 helicopters wzign=< 23 well

as “he cherd, radius, tio veloci<y, <wwist, =zazc-lif- dzag

rh

co2fficizn*t, and aumber of pladas of taz Totor 2ac2 known.
*inally, i+ <:is assumed that 3n ini<ial 2aszization of

aquivalent £la+ plate 2rea is5 availabia, 2ani <chaz zhe

r
[V}
=
[
1
pad
<
1]
[
o]
Q
(]
J
(2]
o
19
w
(5]
1]
)=
. [
Q
Q
b
W
W
(2]
1]
U
~
13
[V
=
18 ]
.

2. ROTIR DYNAMICS
Thara arz four ro%>r parametaers which willi helo sxpadi=s
iaz<9r zalcula“icrns. Thée £fizs= 9f <h3se i3z zaz ro9<wor advance

T3ti0, v ¢ u i3 the ratio 2f a2 Nhelicszp<ar's faosward

17




valocizy <o :tha zcta+=ional vslczizy. The advanc: casis can
be representzd as

1 U = VoCos a . .

" F— (dimensiozlass)

Applying small anglz approxima<icas *“a2 aivanca =zasic

hecomes
(2) o= Vg
Vo
where,
Ve = ( Q R)

Thz second dimensionless ra+*is that n2eds “0 b2
calculated is “he inflow zatio, A . Tha2 iaflow Ta=i2 is <h2
ratio c¢f +he net va2loci<y up “hrough -h2 -020f sys=2m %0 *th2
+ip speed. Fer the near hover cas2, u € J.1, the Tanpna= 0

and the inflow ratios can te approximatel by

(3) A = - /CT/2

In fcrwaczd £ligh+, *he <calcula<ion of ) =ceguiras <he
iazermination ¢f the angle of atzack >f th2 =zro<dr iisc.

Lz2<iny the 2ngle 5f a%tack betwesn =-h2 iisc plans 224 <hs

18




incoming free-streapm velocisy ba a,, ani assumi 203233 9
3 b

bs small, *h=s inflow velocity =an be calculated usiag

(3a) A= -C + U Tan e,
2/)\2+p2
whare
a3 = =-Tan (DP/L) = -Tan (DP/'d)
D, = (Pp* 350)/ U,

The las= dimensicnless oparame<sC zhza< nzeds =5 b=

[1H]

calculated is sclili-y. So0lidi<«y is <4nz ZIracztiosn 2% <h2
: ro*or disc area that is compossd of blaiss, for 2 blade of
R constant chord (i.2., non-taperad) soliii+<y can be 2xpcessed
: as
e Jg = (b * C)/(PI * R)

Pinally, *“he +¢ip loss fac%:r, Bpye AUST D= consilered.

The +ip lcss fac=or is used %o accoun=z £2- ths loss o5: 1iZ+

<hat a co<or blade =zxperiances dque =c Ilow fIZom =iz ZcecIi's
lower suzfacs “0 its upper suc-face. Tha =ip lecss fac=3r 3¢

A zo%cc can be aporoximated by

(5) BTL= 1.0 - v2*CT /b

19




P. - VELOCITY CALCULATIONS

Theres ar2 four velocities thatr ares of in“eres:. The
first of +hese is the downwash veloci=zy , . Assaning
steady flow through fha rotor, <+he downsash vz2loci<y can be
approximated by

W

(6) v = _— (2</s)

20 Ay Ve

NOTE: This equaticr is no<_valild for saall
va.ues of ferwari veloci<y.

The second veloci<y “hat needs =0 h2z calculaz=2d i3 <he

[/}

<all onse* velocity, Vs. The s<all cnset velcci<y is =<he

v3locity at which the retreating blade =ip Zirs=< zxc2eds <+he
sta*ic stall angle. The forward sp2ed 2¢ which szall onse«
is first noted can be approximated by %22 vslccizy £or bas+
zange, VB3R. This is due %0 “h2 mnarked incceass

power requized a+t speeds highsr <han vazloci-y

Tange. A typical se¢ of power curves £5- a1 helicopter ar2
shown in Pigure 3.1,

The forwacd velocity for aiaiaum 2/7 (i.2.,

valocity) is easily fouad graphically on <=he powaz =

cucve as the pcint whaere a s=saighs 1222 =tacough




POWER REQUIRED VS VELOCITY
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Pigure 3.1. Typical Helicopter Power Curves

is «angen< <o <he curve (se2 Figuce 3.2). Since *h? powar
cucves are =not initally known, an analytical sxpressicn
needs 2> be develcped which will as=timate <h2 velcoci-y fers

bes~ zange. Th2 £201lowing is the 3erivaticn of cnz such

zxpression.
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As shown belzow, if thz parasi=2 pows> -s3quicszd g ===

Q.
»
o]
(o]
[4]
f4
w
1]
(Yo i
=
[
[
, .
W
(%4
. [
n
N
12
W
3

egqual ¢« tha prcfile power c:quire
solved for an asgqua+ion in which forwarl vzlocizy is =ne
variabie, <the r=sul: is a cubic 2quacion ir which <the

largest rce+ 3efinas +<he pcint wher2 tnz profile powas and

piTasits power are 2qual.

172 PEg= 1,80 cio-pAD(1 ¢ 4,25 p2)

)] %?‘ (4.25 /748 Cdc ADVT !} - (o/43)Cciod AD%? =9

Next, <tae 1largest Toct of 2gua<isn 7 needs =2 b2
da<eryined. This cana be simpiy 4do02e uasizgy <nhs cublic Toc+

agquetion, Let%ing

p = -{(4.250g/04€) Cdd AD‘T

- = - £ 3
b (o /74£)Cdo ADVT

2yuaticen 7 can ncw be writ<«sn as
3 -3 -
(7a) ‘!F T V§ z {

Saibstizuzing

22
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<or Ve in equation 7a yields an equazion of <he £o-a

(7b) X3 + aX ¢+ b =0
wh=r2,
a1 = -1/3p2
b = 1/27 (2p2 + 27:)

The largest -—cet of egquation 7% is <hen 3ivan by

(8) V = A+ 3

239aticn 8 can now he used as tha ini<ial aprzceximation ot
s=all onset velocity,

i3 *ae

(D]

-
=D -

The +hi-d veloci-=y which is ~»f ip<ec

hzlicoptaer's maximum <orward veloci=zy, VMAX. As sacwvwn in




Figqure 3.2, *he maximua forwvazd veloci:ty is given by =iz
ia%=2rsecvion of <+hz powar r=2juired and powsr availadls

curves for a given gross weigh< and al=izuds {Ref. 11.

POWER REQUIRED VS8 VELOCITY

MAX POWER AV AILABLE
o
a-
~
=
-
ae
e
[
] '
=) , |
e d '
[ 4 .' . 1
B \ . . i
5 : |_~" ! i
A t !
! , JE i i | !
2T |VMAX RANQ@E | | :
°° o ! T i I
3 T el |
o : | |
7 ‘ . J
| ' li
- . . I ﬁ
; °

2.0 20.0 80.0 75.0 100.0 126.0 186.0 ,
f FORWARD VELOCITY (KT)

x B
Pigure 3.2. VMAX,¥BE, and ¥S f£rom Pow2r Available Curves.

Tharfore, whenave: V¥F > VYAXL, *theze2 s ilasufficiane power

ayailablz +«o sus<aia l2vel £fligh=.

The power-liazited maximum spe2d ray b2 es=tima<zd by




A, . -
Ry | Y

e

T - o - D -
) "Max =7 Cavarr ®1 T %) (seseeqy

2gquation 9 can be simplifisd by assuming =hia= <+hs pcwe

w
W)
"
w
fie]
=
t 5
(5]
[11]
N

raquirsd at maximum speed is about the sazz2 as th

th

3+ howver. Ther2for2, assuming

(19 C Pavarr P12 = ( Puover %!
and that
P - P = P = Y
¢ AVAIL o) ¢ I)HOVER 20 AD
eguatisn 9 can fhen be woistzn as
1/3
(102) Twax = Y1 * /D)
where,
10b v, = ;
( ) T \/z_%_Xb

<he

-

(7]

The las* velocity tha%t n2:ds =<5 be caiculatsd i

b2st endurance velsci<y, VBE. 1In —he nortmal opera<ing -ange

w

=2z +“o%al haliccr*2ar power can be Taprasanz:zd dy

(1 Py = 2. ¢ P + P
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(1]
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ot
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t,
(V]
(3]
[¢
»
n
o
[
3
™
[
t
w
13 ]
Q
[11]

v2lcci<y, VP, and is setr equal to zero, i« carn bhe

(113) °2_ =3 7P

I P
2T
(11b) a2 = 3o0cp
2P ADVBE <

Sylving =zqua+icn

2sules in
1 b
(11¢) VRE = | W iy
o &y 3% (22/5)

Ge INITIAL POWER CALCULATIONS
As forward velocity increases, <32 ZIaducsd

dacreases, <he prafile pcwer inc-=2asaes siigh+ly,

pacasite pewar incre2ases until It bacoazs <he dominan<t loss

a% high specis [Ref. 2]. For forward, s<caignt

Z1:igh+, the iaduced powes can b2 calcula==3 by
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b
(12) P = 4|- w2 *.\/<"Fzz e 1 vy /350
2¢2 2v?
b T (kD)
I =ip losses ate taken into 2ffec~ (23uazisn 5), =ae
induced pcwer now becomes
(12a) Py = (V/3y) * 7y
(TL)
Since <h? induced power requised Za a-ound effect is l:ss
thanp that requics=d cu% of grouni effect, =23uazion 12 shoulild
ba writt=2n as
(12b) Py = (VW/Bp) * (GE) * Pg
(TL+GE)
waere,
GE = (=0.1276 * (h/D)* + 0.708 * (h/D)3
-1.4569 * (h/D)2 + 1.3u32 = (h/D)
+ 0.517)
The profile power ra2quirad is given by
(13) PO= gCdoo ADWF (1 + 4.25u2)
4400 (ho)
Finally, parasite powsr given by




(14) Pp = Oof W3

9. ANGLE CF ATTACK
Thz determination of
positions of 90 and

ds~ermination of coaprassibili<y ari stall

because c£ this effect that ths dynamics 32

anglz 0% a<*acxk at <“he azimuthal

270 degr22s 3ce 1mpor=an+t ia “hs

are important in aralyzing helicop*sr parformance.

The angle of attack of +the zo=or is
cradius, r, and azimuthal posi<ion, ¢ .
sign coavention us2d in

tzack ¢f 1

angle of attack. The angle of

sstimated by,

3 furnc=ioa of
Figur=s 3.3

3ze-mining blzde

(15) ¥ (T,¥) = 0O~ VpBCosa+ v - Va,
QR ¢ VFsin ¥ {rads)
whara,
(15a) C] = 000 ®T+ Glcas Y« stin‘*.’ . KBS
(15b) 8 = By~ al Ces¥ - b1 Siny

naad




oo

ANGLE OF ATTACK

~

sISK PLANE

TP P ATH PLANE

'
L

Figure 3.3. Rotor Apgles ia Longitudinal Plansz,

T> decermine argla of a<<ack, i< is =a3n nscessacy <3
d2=ermina <he longivwudinal coliec=ive 2323 cyclic :n9l2s Go

11 9, . This ¢an be accomolish23d by sxprassingy <he

coefficient of thrust as
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(16)  Cp = 29 ATV + (O+ KgB)T2 ¢0,T3 & (0 - € 2174

1 = .5(32 ¢ .5 p2) = ,25R2(32 + 2)
T (32 + .54 T3 2582¢82 + u

72 = (.5B3 ¢ ,5u23 ) T4 = .S5n (32 ¢ ,25u2)
TL TL TL

Addicionally, *the 1longizudinal £flzppiagy cosfficis

n1zedes %o be dezermined. Tha lor

cyefficient can te written as

A12 #0413 ¢+ (0 - K _ b1)yAlu
T (2 B‘

where,
D1 = (B2 - .5 u2?
TL
11 = - .5 2 - 3 1 - 2
‘ A 25 {( aI'L u3 /8) a3 2u BTL
B 2 D1 D
TL
= 2 = 2 1. 2
A12 8 u L Ald BTL + 54
3 D1 bR

Assuming tha< +here is ne¢ lataral Ilappiag and

2ffact i35 zero (i.z2., Kg = 0.3), =gaa+iosas 16 arnd 17 beccasz
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4 (18) 2Cr= ATV +012+QT3+0 T4
X a 0 2

(19) at ] XA11+O&12¢<%AH +gaw
NCTE: Since %he analysis is calz 1Q3xingy_a<*
“h2 azimythal desi<isns o9f 30 2rdi°270
degrees, iz cal be s22n f-om sguatiorn
15b thas the con<riduction 27 %32
longi%udinal flanopiny co2iiiciang, at,
will always be z23r» 31z +a2s52 positiorns.

Equa-icns 18 and 19 ncw =cZspIesent 2 s22 of sizmulzanacus

e2gqua%*ions in which <hs only urknowns ac2 <hs colizctive aznd

[\l

cyclic angles and can thus be dztvzrai

o
Ww
s
[ ]
=
&
(o]
P
'.‘u
)
o
t>
1)

values 2f +ha2 cyclizc and collactive anglas, <zhe Ddlzde =ip
2ngle of a*tack at <he 90 and 270 32=23r22 posiziszs can be

2s+imated by

(20) o)

[}
@
+
(O]

L]

+
D
+

90




I. STALL ZOWER
In *he helicoprner s+%all aormally szac=<s a= <zhs =ip £
the rerreatiag blads, sincz2 “he highest angles ~»f 2<<z2ck are

usunally at the blale +ip. As the €orwarid spzed incrza

(L]

(1)

n
-

“2e stalled area of +“he ro+or blade spr2ais inbcaci.

At *he higher values of i, “hke =2ffects 3% z=all 2 pcu=st

w

>2quirsd are grea: and therefore 1224 =5 b=z estina=ed,
Assuming a jump 2f£ 0.08 in «ha value 2f CT4d> a< s=3ll oase-,
vaa< the rotor area withiz which +h2 blals stall 2xis<s is a

s2gmen= of ninimum dimensionlass radius X

o

all ar2a is symmatric abecus ¥ = 270 d=2gr3es, C2szlzs =214

(]

34

<ip s+tall zn powsr cejuizzd a=

[&]
r

Naw found +ha< +h2 effacets
~he higher values 2f U ace large and caax o3 approxiaazed for-
hWigh spezd fligh< by

o}

= — -1 2 - - 2
(22) Cps 7 (0 -e)z (- x) T - %2

whare xs is -he nondimensional radius Ju<30aczd of waica +he

-
-

(1)

&>

3]

a¢ blada is stalled (Ref. 3]. Th2 dimeasiosnlsss

'»J-

eat

radius, X can be sstimated by e3qua<iag <he sec<ion angls

S ’
ot a+*tack, a+t Y = 270 dsgrees, =0 AMAX “Ref. ¢]. S==<=ing
zqua+tion 15 2%t P = 270 dagrzes equal =5 A1MAX cesul:s in +h2

quadza<ic lis<ed bslow.
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(23) (X =) = O (X =u)+ 9y X2= QUU-0 (X =i)+ 24X 27

Applying +he quadratic formula to =2gquazion 23 1¢lds <he

rets

[y ————

(233) XS = ‘BS + VB§ - u‘:}TcS
2OT

= - - 2 = (=]

(23k) X Bg /as u3,r_cs'
ZGT
whare,

3 = -0+ 0
(23¢) r Amax . uz
(23b) Cg = ul+A
(23e) B = ~u®T-T

Equa“icn 22 is satisfactory £cc- mest cases. I- is

possible hewever, <oz =he blale sec=ion 2n3ls of aztack <o
be highar inbecar? than at <he =ip co2asiaig 2 si=uz+iox which
is ussually c-efa2rel %o as inbo2ard stalliazy [Ref. 5]

For «he special cass of inboazi stalling, sse Figuoe
3.4, <=he iaczemen~al stall power scseffiziant defized by

2guation 22 is 395 large and neelds 45 ba cor-scted.




INBOARD STALLING

¥ =2

Pigurs 3.4. Inboard Stall Patern.

Assuming *he stalled region is dizazond snzpzd as shown in
3.5 and <hat the stalledl 3-ea is symme~rtic ahcu< ¥ =

3nys2, i+« can be sean that as X apprcacizs X, tha

auas: vanish.




| STALL REGIONS

1> pu2 > ud !

et T e st o i <+ e o =+ ek

Pigure 3.5. Approxizated S=all Arsa.

Similiazly, as %he avszage of X and ¢ ioprcachas unisy,

s S

th2 value of Cpg ¥2es =2 the value d2finzd by =2qua~isn 22,

Tterefcre, 4in orier %o correct for +h» 20ssibilisy c<
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(<4) k = 1.0 for

{25) k

th
(8]
"
]
W

B /20_+ X
/20, * Xg =S < 1.0
- Z

Th

h

corcac+ed =aquation f£or s+«2ll pecwer -231iced this bacomes

(26) CY = k_ *

J. COMPRESSIBILITY POWZER

th
W

Ths individual 2ff3¢cts ¢f s<all ani coaprsssidili=y on
=c=or profile pcwer are subs+22%ial a< ai3h alvancz -atics.
dasn boeh effzcts are prasent the lossas dua <9 zich souccs

1z difficul+s <o dis=inguish. Thez2£f0z2, as a helicopisrt's

fz-ward velccicy and tip spe2d incr=2as:, <he nsz2d for 2

Ir for-ward £lijht, +ha Mach number £ <he aivaaciag
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(2N 1 = (x + usSiny)

.
“TIP

QR v

(273) |
2gv 2sv

(27b) x = T = naoniiaansiosnel -=24:ias

Since <hs iighest Yach aumber 9c¢ciZs 1T za® <ip I Thz

aivancing tkiads 3= v = 9Q 3=scr=zes, =3312=20n 27 za:n be
E writter as
L (29) ol = M (1 ¢+ u)
s %0 TIP
b i i _ ) A i
- Rzfarence 3.5 shewei <ha<e <hs ccoi=lcal 1zci nuabaz I3I 2I23

€ 25%imazed by

(o7}
Ve
<
@
B ]
Q
)
o]
(¢
o
4]
w
1]
[

ERRE s U

: (29) M = MCIJ -2l % 31 % 3y

ST

* Ga2ssscw 2and Ccoin, in +heir invssziga=ion «¢f
compressibili+y Zfound =ha< %ke comorsssidilizy 2Iizct on

in
(V]
L]
[o ¥
(3}
o
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IV. CONCLUSICNS AND RECOMMEYDATIONS

——

Ths obdjec+ive 2£f =his prodject was 5 provids zn 3235V =2

use, in<er
during the
z2quired by

prograas cc¢

wi

ani orovide

hin tae objective

-active ccmo

ini+ial design phass <0 estina

<he paia ro=

ntained hera

3cc3ptablz

uter prograa which sould b2 used

2 <he zotil power

[

or of a helicoprtsar. Th2 c-smpu-=z3

in previde zZasul=s waich ar:z wall
accurzcies (see Fijgarzs C.1, C.2, 2.3

resul=z as a £irst cu% es<iaz<2 ¢f

compressibili+y ard s%all powsr sequiramzn<s.

In the
siaplifying
Tompu=aticn
<h? accucac
the To=ozI.

The flo

zapidly Jue

Addi<icnall

produces considerabls zadial <Zlow 3

Tha s+t:aly Ziow assumption ignores <he i

0f Teo*or ae

levelopment

[$)]

SSumptlCns

ge]
.

Tequirsi.

y of k2 p=ogr

W envireonaent encountered by <hs fotoT changss

<0 *the raz>

Y, =Z=c<or ope

rcdynamics.

wher operati

of +he computational acdsl, wmany

H

werz aad2 %o 23ss <he =moUn4L o

Ths assuampzicon #4hich most i1apacts ox

L2}
[}
8
) o
w
ot
o
2
ol
o
rt,
(]
ct
Ww
v
s
g
(g ]
’-J

aw *hIough

i

o€ change ¢€ rlals azgle ¢cf a<“=ack..

razion 3t Ahigh 2dvancs ra+ics also
long =<h2 blade =span .

'l
B
Ww
]
<
[
"
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w
18}
ot
w
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o
[
9]
o

The iynamiz nactucs2 2% <«a= fo=2r,

33
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"
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Vo]
g
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29 az >r nea:c s

of 1ast2ady i:co2dynanics, 2ad 3
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close zxamination of how %he piechiag adaamts
. Tz*z3a%ing blads stalling affa

(e
o
]
14
(R}
W
ot
Yy
oY
wr

g

ct
n

controiabili+<y [Ref. 7]. It is <thsrefore recomsnizd ~ha<

33ditional investigations consider how <he

w
ot
0
(o)
-

az=sdynanics, and oitching mscments gsner

pae-Scrmance of the helicorter.
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Tgzp Hpemon=c
2 3
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QMPK AMaAX
"} Ag99Q
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21 11
A1l Al
112 a12

Disk plane angle of
i-*ack.
The steady flow s<all

angls of %he 3irfoil

(givan by 2 * CLMAX ).

L)

Angls of at-ack ¢
~he advanciag blzi2
3% P = 90 degraes.
Angls of at=ack ci
the retreating blads
aw ¢ = 270 dsgrees.
Longitudinal £lapping
Tara in defini«ion of
THETA2.
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THETAZ.
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0
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THETAO.
vy vI Induced veloc;ty. ie/s
VF VP Aizcrafe« forward sp2zi. i=/3
v VKT Aircraf+ forward sp=ed. k+
vyax vHAY vaximum forward velocity k+
passible.
vs V3 §-all orsex va2lccizy k<
. (veloci«y a= which AZTY
‘ aqual A MAX)
VT VT Rotor tip sp22d. 3x/s
3 SVEL speed of sourd. f£</s
sv
L DW aotor dcwnwash velocizty. £=/s
(] ] Aircrafz gross weighrt. b
Xg X3 Radius outboazd of which dimensionless
»he main ro+*or is s+allszd.
xo X0 Radius inboard of which dimensisnless

=o%or blade stall nmay

b

2

3tio and blade tuist.

presenc 31e <c inflow

3]




APPENDIX B

fx
tu
jas

11~CV PECGAAA DOCUAINIAIIIY

- -

A. GENERAL

The HP 41-CV prog-aam uses 95 progras storage I3:ig
Prior <0 program ini-ializasion, ~hs handheld ecal

3hould be sized =o 45.
Th2 ccmputer orogram consis4s 52 a2 maina Trogn:

caleulzzas <~he necszssazy Ayranic pazinzzars of z2a

zo%or 334 saveral subroutines which calculiaze pows: o

as well as +the naximam £forward vwvelssi:y, stall
72loci-y, z2nd best 2ndurance veloci-zy.

The 3jccuxen~a*ion 3¢ <h=2 HP 41-CV

‘g
b
Q
oy
B}
v
3]
| [
it

'.
n
o8
0
3]
v
.

G
[
'...l
»
ot
O
[ 3]

b
13
<
l [
[oH
W
(X

This section  descwidbes =ha ia<snded puspese of

the progTan 2T subrou+ine,
2. ASSUYPTIONS
This sestion lis%s any assumptioas anad: wi

applicable =0 “he orog-am c- subrou+tine.

This seczion lists <he aegua=isas u=ilizad

~he ®maila program ¢ siabTousinz. The priaarzy -3f3zan

u7

ich ars




~aé  2quations wused are Aerodvnamics aapd ¥/STOL Diiziz,

Rzfazerce 3.1, izlizoptsr Th20z7. R3f2o9nce 3.2, 224
}

Aizcrafs Performancz, Rsfsrencs 3.3.

] 4. PLOWCHART

Both the' handheld coamputer 228 <the I3M 3033

nazmally execut2 Instzuctiens in 2 program ia a seguen=ial
marnrner unless it is iastruc=z2d <0 47 ozharuizs, This
s2c*iecn will graphically =raprasen= =hs $¢20 2>y s<zp n2=421
15€¢d 0 solve the pzcblem as w2ll as th3 Zlow  of con=wol
batween the varicus par+s of <+he progran. In a flzwchaz-,
3ifferzat -ypes cf operations are indicazed by 3iffsren-s

gshaped boxes as i1iilus<ra+«ed belowu:

Oval F3>z stacst or 3top.

Rectangl2 F2z 2 zalculazien e

rocess other zThan =2

d2zision.
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Diamond

Pacallzlngran

[
W

Small Circ

")

2z =he ex=ca-ion ¢I

ubrTou=in =,

w
[{/]

For a 3decisinsrn.

ray
[V
[ ]

inpu= 2T >u1tdu=,

£lowghazt con%iznuss




5. PSPROGRAMS AND SUBROUTINES
Tais ssc*ion lises all a2 pco3Taims Pl
subrcu-iaaes which must be presen< in thz HP 41-CV »zioc =»

pregram 2xecution.

6. PERECGRAM LISTING

Tais sestinp ccrtains <hsz 42 41-CV lissing 22 =h2

p-cgramr ©oT subroutize.

3., QUICKX RETERENCZ TA3LES

The <-ablss in this sec+ion will p2 us2Sul <w¢ <=h2 user =°F
<he HP 41-CV handheld c3lculator as 3 source »¢ quick
zafzrenca, Table 1 is arn alphkzbe<izal lis<ingy ¢ =211
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Cic =2 Main rotor cozffician= 2f drag /A

at zeso lif=,

FPa = ? Equivilent hosizensal f£la- pla=ze <
aTez »f =<he Zszliccp=ac.
n o= ? 42igh< oI <he main Tozor 100v: g-

<kz goournd.
1230=? Crivical M¥ach rumbsr €or a2 N/A

fcient 2% 1ii< =z2qual =o

h

coz €
Z€r 0.
R = ? Maia rcozorz cadius. bt
TWIST = 2 Geome<=sic <wist of =he o<:3:o. -ad

VF(KT) = ? Forwazd vzlocis

<
.
P
Wt

o= ? 2¢=oz tip sveszd, £/
A= 7 lizccaf«e agross weLga-. ins
TILL = Main 497 eccllae=iva siszh, czi
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>

CYCLIC =

21 =

FY =
20 =
?S =

ve > ViAX

ViAX =

Xs

Main rotor cyclic pi-=ch.

aguiczd

Induced powe

3]
[§]
te]

ccnpensated for

ct

ip leos

(O]

EE]
and ground sffesct,

Power reguired iunz =o

(9]
o]
=]
L6)
(2}
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n
n
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.. 1]
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ot
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W
bt
(X3
W
QO
ot
n

Maximum enducarnse valccluy
Tha feorwasd velocizy <hac aas

Feza ZInpu+* iz larzes <ha;
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+
]

cn2 calculs*

1 by suabzzaziaz2 VXAX.
Yaximum forwaczi veloscisy,
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anse« valceci=zy.

Radius ou=boazd oI whica <hsz
main -o+«or i1s stallzad.

Padins inbeard 52 which -z-or
blade stall nay be pressnz.
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RV g

S A v

05

6

Q7

09

10

1

12

13

14

15

16

17

o
fui]
FA1]
[#)
[+
w
I 4
<
]
3%
~1
[&]
Y
D

41=-CV Regiszar Utilizazion

S-3ll onse+ veiocity

Ro=cr z23ius (R).

(VS) .

Ro%or heigh+t above <tha gzouni (h).

Aircraf<« gross W2igh=

Aiz 3ensity (RHO).

Rozor <ip velocity (V
Coefficiant of tazust
Tip=loss fac=or (BTL)
Main ro=s3z induced oc
R9=Cer a2igqh< <92 Zoto:z

Comprassidility 2ower
53

() .

™.
(CT).
wer (21).
iiaas~2r

{(PC) .

sz2<ia (h/9d).




|
b
‘ 19 Solilizv (ST).
% 20 Induzad vslcecicy (VI).
| 21 Main rozor profile powar (PJ).
3 22 Advance ratic (MU) .
r 23 S=all power (PS).
24 Aivaice ra*is sguaced (MU2 ).,
25 Forward va2lccisty (VF).
26 BEquivalent hooizoa<al £lat pla=s zzza (F?3y).
27 Maximum 2-D 1lif< ccefficizn: (CLIAX).
28 Main To<0r parasite power (2P).
29 Main Co<=or gecmetric “wist (TWIST).
41 Anala of attack 2t 272 deg-z28s (A270).
42 Angla of a%tack a= 90 deg-czss (ASY).
43 Sorniz wvalncity (SVEL).
44 Cri+ical vach numbac foz cd=z2fficisps 2f lif-
zqual ¢o5 zerc (MCRO).
45 Densicy alti+ude.
OTHERS Scratch pad calculations.
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C. PROGKAY DOCUMENTATION

- - on

This secticn conrains the nacsssary documznsazion Zor
+ths HP 41-CV computer program. The maian progrza 2s well as
all of the subroutines used in the solution of che problex

are ouzlinsd 2n =his ssc+tion.
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1. Mdair EBrosma

3

() FURPOSE

This program calcula<es +he dynamic paranme*szs of
*he main rotor which are necessary for calculating the
£2tal main rec=or pawet required in forward, high speed
strvaignt and level flight. I+- addi<ionally controls ths=
axecution sequence of the various subroutiaes which a:o
used %0 calculate main ro%cr power requirc=zd, in <eras
of horsepower, as w21l as maximum forward va2locity, s+«all

onset veloci+y and veloci+y for best ernjurance ia Kknots,
(b) ASSUMPTIONS

M All anglss are small.

() S+eady flow *hrough <he rotor.

(3) All rotor blades are rectangular (non-<apered)
wizh only uaiform +wis+« being possibls.

(4) Only +«he f£irst hamonis of flappiag is necassary
for calculating povar reguiced.

() The effective dimensionless ra2dius can be
apprcximatedy by the tip-loss facsor.

(6) The <hrus: vector passes through =he C.G..

(7) The sta*ic stall angle £for blalas on nos<

heiicogprars can be approximat2l by <he 2agla a-<

which CLMAX »sc¢ccuss 2ot =ha <=0 aizfoil.
56




(8) Ths § 3 2ff2cz, 2r th2 resul: o2f cockirg zh=
lapping axis of the bilzd2 sc =hat iis pizch
vacies as +he blade flaps is z3ro (i.2., 2>

lateral flapping is presen«).
(<) EQUATIOQNS

W= VeV
VF (E2/5) = ¥ = 1,68334
= . 2 . 112)

T1 S(BTL + .5 1

8 T2 = .334B_3 + .5 u2B
TL TL

; T3 = ,25B 2CB 2 + ;2)

T4 = .Su(rngqEL.zsuuZ)

) TL

f D1 = (ar; - .5 u2)

; A11 = 4(.5 Qrf - u3 /8) /o1
Ao

b : = 2y

e o

(BmL-’- + 1.5 u2) / D1
(2CT/ca) = AT1 + 901'2 + ST’.‘J + 921"4
0 = AA11 90312 + eTz-n3 + izAw
Amax CLMAX/CLA
a27ld 3 -8 + 3¢ (X /1 +y )

0 2 T
I = AMAX -0 =9

0 2

CS = uf‘ + A
’ Bs = - uBT- T
xS = -BS+ (352 - ueTcS)-s / ZOT
‘ X

= -Bg-  (Bg? - 48.5g)rS / 20q

o
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d. FLOWCHART

( start )

Tnput:
LR ]

‘ SD
subroutine

DEN
sutroutire

QW
sypbroutine

‘ T
) PIT
3 subroutne

-

l

, b0l
p subrouting

N

58




PPl

subroutine

VS

subroutine

YMAX

subroutine

<&

@
1

LAMB
subrout ine

<>

calculate:

cps = 0
(VF < VS)

|

set flag i

02 subroutine
DISPLAY: calculate:
vF > VMAX Tl,tﬁfTs,

subroutine |

al70

caliculate:

e —

Cps

subroutine

f_,_gigj__J
subroutine

[_cec |

subrout ne,




e oS

e.

D;
| P!
suproutine

PROGRAMS AND SUBROUTINES USED

[ SD L]

mpIT ™
» 901 L]
» ppp ™
L} VS L

® VMAX *
" DEN ®

-,

60

-

cro»
LAMB "
cps ™
cee ™
ag0 "
CNG *

subroutine

GO TO A j"




f.

PROGRAM LISTING

01eLBL “WBS"
A2 -Q=2+
33 PROWPY
A4 STO A5
g5 ch=""
a6 PROWPT
a7 STO @6
L
79 PRONPY
18 STO o4
11 =(d0=?
12 PROMPT
13 ST0 @7
14 =W=2°
15 PROWPT
16 ST0 18
17 =yT=2*
18 PROMPY
19 870 13

20 “YF(KTI=n

21 PROWPT
22 1.58894
23
24 570 25
25 “FPA=?"
26 PRONPT
27 §T0 26
28 “H=?°
29 PRONPT
38 STO 29
31 "a=?
32 PROWPT
33 570 12
24 CLMA¥=""
I5 PROMPT
36 ST0 27
7 *THIST=?"
38 PROWPT
39 570 29
48 “NCRB=7"
41 PROMPT
42 STO 44

43 “DR=7"
44 PROWPY
45 870 45

466 BL -AGN*
47 RCL 25
48 RCL 13
48 /

58 S0 22
51 X¥42

52 ST0 24
53 ¥E@ -Sh*

S4 XEQ -DEN-
55 F§? 03
56 GT0 @35

57 XEQ °PIT"

S8 KEQ “PO1*

59eLBL 45
6@ YEQ "PPl®

&1 ADV

62 F5? 83

73 GT0 86
o4 XEQ “VBE"
65 XEQ -vmAx-

66 AV

67oLBL %6
68 XE@ °CT"
69 RCL 15
70 w42

71 570 78
72 ENTER®
73 RCL 24
74 2

75/

76 +
77810 3
782

79 s

88 STO 33
81 RCL 15

23

B3 14X

84 3

85

86 ENTER
87 RCL 24
38 RCL 15
89
o8
ay
2
a3 8T0 M
a4 RCL 38
o5 RCL 24
Qg +

a7 RCL 2
98 +

% 4

188 -

{81 570 35
182 RCL 38
183 RCL 24
184 4

165 /

166 +

187 RCL 22
108 +

189 2

110 4

111 50 36
{12 ROL 22
{13 RCL 28
114 »

15 2

116 /

117 RCL 22
118 3

119 Y4
128

12 7

122 -

127 4

» S




RLE ki

124 +
125 RCL 38
126 ENTERt
127 RCL 24
128 2
129 /
170 -
131 §T0 32
132 RCL 30
133
134 /
135 §T0 37
136 RCL 22
137 RCL 15
138
139 8
149 *
141 3
142 /
143 RCL 32
144 /
145 ST0 38
146 RCL 22
147 2
148 *
149 RCL 38
159 *
151 REL 32
152 /
153 570 79
154 RCL 78
1S5 ENTER®
156 RCL 24
157 1.5
158 *
159 +
168 RCL 32
161 /
162 5T0 48
163 RCL 14
164 2
165

166 RCL 12
162 7
168 RCL 19
1689 /
178 ST0 42

171 XEQ -LAmB"

172 RCL 83
17T RCL T3
174 »

175 CHS
176 RCL 42
177 +

178 RCL 29
179 RCL 35
186 =

181 -

182 ST0 31
183 RCL 93
184 CHS
183 ®CL 37
186 =

187 RCL 29
188 RCL 39
189 =

19¢ -

191 ST 32
192 RCL 34
193 ¢

194 ENTER*
195 RCL 2
196 RCL 78
197 »

198 -

199 RCL 24
289 ENTER¢
201 RCL 40
282 =

2083 RCL 36
204 ENTER®
285 RCL 38
286 »

52

267 -

208 /

289 S0 32
218 F5? 83
211 670 &7
212 p-9
213 ~CYCLIC="
214 QRCL ¥
215 AVIEW
216 STOP

217eLBL @7
218 RCL 31
219 ENTER®
220 RCL 36
221 RCL 32
22 %

223 -

224 RCL 34
225/

226 570 13
227 F8? @3
228 GTO 88
229 R-D
238 -COLL="
231 ARCL ¥
232 AVIEN
233 STOP
234 Apv

275¢LBL 08
236 RCL 13
277 RCL 12
238 -
239 RCL 29
249 +
241 ENTER¢
242 RCL A3
243 1
244 RCL 22
245 +




246 /

247 ¢+

248 STO 41
249 FS? 43
258 GT0 89
251 R-D
252 ~(278="
253 ARCL X
254 AVIEM
255 STOP
256 AMY
257 YEQ (98-
258 amy
259 RCL 27
268 RCL 12
261 7

202 RCL T3
263 -

264 RCL 72
265 +

266 STO 30
267 RCL 22
268 CHS
269 RCL 29
270 =

271 RTL 30
72 -

273 ST0 1
274 RCL 30
I RCL 22
276 ¢

277 RCL 83
278 +
279510 39
288 4

281 CHS
282 =

283 RCL 29
284 »

285 S0 35
286 RCL 31

287 X2
288 STO 36
289 ENTER?
298 RCL TS
291 CHS
292 Y2
293 SF 81
294 FS? 81
295 GT0 43
296 RCL 36
97T RCL TS
298 +

299 SORT
Jee ST0 38
3981 RCL 7t
382 CHS
363 +

384 RCL 29
385 /

386 2

w7

98 SO 30
389 ~¥S="
219 ARCL ¥
311 AVIEW
312 STOP
3 RCL T
14 CHS
315 RCL 38
36 -

317 RCL 29
318 #

319 2

328 /

321 STO @R
322 *X0="
327 QRCL ¥
J24 AVIEW
325 STOP
326 ADV

327e08L 82
322 XEQ -CpS-
329 v

338 [F 81
331 CF @2
332 OF &2
733 XEQ -CPC-
334 AV

335 AV
136 {EQ -PTI-
337 XER -ONG®

J3BeLBL @9
339 XEQ “vST
348 END
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i
x

PURPQSE
This subroutine calculates the ra

to the total rotor glisc area.

tto of total blade srea

b. ASSUMPTIONS
None
c. EQUATIONS
bxc*R prc
PI + R’ PI ¢ R
d. FLOWCHARY

( start )

calculate
solldity

4

return
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. PROGRAMS AND SUBRCUTINES USED

' wes ¢

t. PROGRAM LIS!ING

AtelBL -<b~
8z RCL 86
A3 RCL A4
M %

25 REL 95

85

e



a. PURPOSE
The purpose of this subroutine is to compute the fnauced
velocity of a rotor system.

b. ASSUMPTIONS
Steady flow through the rotor system,

c. EQUATIONS

d. FLOWCHART

calculate
gownwash
veloc!ity

store DW
fn R32

return

@. PROGRAMS AND SUBROUTINES USED

* was*




[ f. PROGRAM LISTING

BLelBL "W"
82 RCL 25
#3 ¥=4? |
a4 GT0 A3
A5 RCL i@
8 2

a7 RCL 1!
ag *

A9 RCL 23
18 «

11 P1

12 *

13 RCL 85
L. 14 442

A 15 =

e 7

17 570 o4
18 GTO A

19¢(BL @5
20 SF 43

214LBL 96
22 END




.
2 -
==

g
{fo
o
(T2 ]
[ )
t‘ e

a. PURPOSE

This subroutine csic
arbltrary rotor.

uylates the coefficlent of thruyst for 8
b. ASSUMPTIONS

Steady flow through the rotor system.

c. EQUATIONS

d. FLOWCHARY

ca\culate}

coeff of
thrust

!
store In
Ri4

58




* W8S

1 4

t. PROGRAM L ISTING

BlelBL

.C«T.

82 RCL 85

A3 Xtz
A4 P
a3 =
26 RCL
a7
28 RCL
a9 Xt2
10 =
111X

12 RCL

17 %
14 €10
15 END

11

13

2. FPROGHAMS AND SUBROUTINES USED

69




5. Iadugsd Power
(2) PURPOSE

quiz2d by =he -zc=c:o

O

w

This subroutin2 calculates +he powar ¢
<o prcduce “hrusw 1= hover and forward Zlight. Additiornally,

“his subrou4ins corzects for :ip losses (losses in 1iZ% at <he

2ips due tip voticas) as well 2s ground =zZfzecxt,
(b) ASSUMPTICNS
Sweady £low *h-ough “he roto- 3ystzam.

(z) EQUATIONS

L
PI = a[-_vé . (XEZ.)Z + 1 v
ZvI2 2vI
0

@Q
o]
(1}

~0. 1276 (h/D) 4+0708 (1/2) 3
-1.4569(h /D) 2*13432(2/2) +3.5147
(1/B ) *(3E) *PI

o

-

3
"




—————

d, FLOWCHART

( start )

caiculate
tip loss
factor

YES @ NO

G.E. = 1.0 calculate
GE ratlo

s s

calculate
$nduced
power

Ptk e mtigd

v

compensate
for tip
losses

compensate
fo G.E.

return

LA




e.

f.

PROGHAMS AND SUBROUTINES USED

* was ¢

PROGRAM L ISTING

81eLBL "PIT"
82 RCL 14
a3 2
B4 »
85 SeRT
86 RCL 8¢
a7 /
88 CNS
89 |
18 +
11§70 15
12 RCL @3
13 RCL 85
t4 2
15
16/
17 870 17
18 1.5
19 XOY
28 £y
21 570 85
22 RCL 17
23 1.3432
24 =
25 RCL 17
26 X2
27 -1.4569
28 »
29 +
38 RCL 17
N3
3?7 Y

33 .788
s

5 +

36 RCL 17
74

38 Yeu

39 -.1276
48 =

41 ¢+

42 .5147
43 ¢

44 5TD @@
45 GTG #6

46oLBL S
47 1
48 ST 9

49¢LBL 96
58 RCL 25
<1 X2

52 810 R
53 RCL 10
54 2

59 -

56 RCL 11
s

58 P!
59/

68 RCL 85
At ¥82

62 /

72

€1 SQR7
64 STO 20
65 %92

66 1%

or RCL 32
88 =

08 2

78/

71 CHS

72 ST0 24
73 %42
741

79 +

76 SORT
77 RCL 34
78 +

79 SGRT
88 RCL 19
81 *

82 RCL 20
81 s

84 556
S/
86 RCL 1S
87 =

88 RCL 04
/0 ¢

98 570 16
o) -pl=-
Q2 aRCL ¥
93 qvIEw
94 STOP

95 END
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a. PURPOSE

This subroutine calculates the proffle power reguiread for
forward, strafgnt and level flight In terms of horsepower.

b. ASSUMPTIONS
Steady flow thraugh the rotor sustem,

C. EQUATIONS
* 2 2
P° o Cdo o A°V' (1 « 4,25.7) (np)
4400

7

d. FLOWCHART

calculate
proffle
power

store PO
tn R21

return

@. PROGRAMS AND SUBROUTINE USED
® wes *

73

,'v -



f. PROGRAM LISTING

#leLBL -PO1°
a2 RCL 19
@7 RCL @7
R s
a5 RCL 11
ac =
@7 RCL @5
RE ¥e2
A9 =
18 1
1y =
12 RCL 13
173
14 YeX
15 =
{6 &

18 570 21
19 RCL 24

29 4,29

21 s

21

23+

24 RCL 2

2%«

26 5560

27 ¢

28 S0 2

2@ ~pg=-

Je ARCL X

31 AVIEW

32 STOP

33 END




a. PUPOSE
Tnis subroutine calculates the parasite power required In

forward, strafght and level flight,

b. ASSUMPTIONS
Steady flow through the rotor system.

c. EQUATIONS
pr’

pp = PTY%

: d. FLOWCHART
3 ( start )
calcuiate

f: parasite
E power

store PP
{tn R28

3 gl o

return

6. DPROGRAMS AND SUBROUTINES USED

" wes "™

18 ‘




R R

f.

—— " P,

PROGRAM LISTING

A1eLBL “OPL”
Az wCL il
a3 ’CL 26
a4 x
a5 .5
B *

@7 RCL 28
a8 3

29 yey
R

11 538

12 7

12 570 28

14 =Pp=*

15 ARCL X

16 AYIEW

17 sT0P

18 END

7%




a, Purpose
Tnis subroutfne calculates the power-1im!ted maximum speed
of the spec!fiea heilcopter.

b. ASSUMPTIONS
a. The power-limited max!mum velocity may be estimated
by neglecting the varlatin of !nduced power and proffle
power with speed.
b. Power required to hover Is approximately equal to
power required fo maximum speed.
c. Steady flow through the rotor system.

C. EQUATIONS.

VMAX = v, (4 3w
f/A

2 p %

77

S DR




e T
D. FLOWCHART
( start )
calculate
{nduced
veloclity
calculate
max fwd
velocity
return diso]ax
VF > VMAX
execute
subroutine
change

-




. FROGKAMS AND SUBROUTINES USED

* WBS

f. PROGRAM L ISTING
} AleLBL ~wMAY*
3 #z pCL 26
az »t
pa -
a5 wCL e%
Rs 412
87 s
A8 1
CERS
g
11 ,3333334
12 v
13 RCL 20
id s
ARSI H

s

16 1.
17 -

1R -¥mR¥="
19 QRCL ¥
26 AvIEs
21 5T0P

22 RLL A
2T RCL 2D
24 4

25 670 12
26 ¥(=y?
27 570 13

28eLBL 12

29 =VF ) UMax-
30 AVIENW

31 ¥EQ “CNGT

J2eLBL 13
I3 END




L el e Sty s At it ey e

A. PURPOGSE
To calculate the valye of velocity corresponding to
minf{mum power ({.e., best endurance velocity ang/or best

rate of climb).

B. ASSUMPTIONS
1. Steady flow through the rotor system.
2. The variation of profile power with forward velocitly

fs neglfgible,
C. EQUATIONS

" —B (1724172
= { o * A * (3 . f )| (ft/s)

( start }

calculate
VBE

Veg

D. FLOWCHART

convert
YBE %o
knots

return

T “r-,‘rm_
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e. PROGKAMS AND SUBRQUTINES USED

' wBS °
f. PROGRAM L ISTING

Alecsy "WBE"
cLoefL 8%
ad 71
a5
26
a7 -
a8 RCL 2%

aa s

18 SORT

11 RCL 18
i2s
1300 1
14

15 RCL 45
16 242
s

18 P!

1g s

20 SQRT

21 1.58894
22

27 “VBE¥=*
24 QRCL ¢
25 QVIEW
26 STOP

27 END

DPY I T A

31




3 W 240
i gy Al R

PURPOSE

This subroutfne glves the user of the HP 41-CV an inftfal
approximatfon for the velocity at which the retreatfng biade
angle of attack is approximately equal to the 1s approximately

equal to the statlic stal) angle of the rotor blade.

ASSUMPT IONS

1. Steagy flow through the rotor system,

2. Stall onset velocfty fs approx!mately equal to the

velocity for best range (f.e., minimum P/v),

EQUATIONS

o
"

=) r
» [ ]

(-4.25Cdo AV, )/(4f)
(-5 Cdo A V:)/(df)

-1/3 « of
1727 % (2 # p?+ 27 » 1)

[ -b/2 + (%72 + & 72n)VH 3

[ -b/2 - (B¥2 + & /27)¥H 113

32
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oy

A

Viboa e

a. FLOWCHART

start

calculate
A ana 8

fing
largest
cubic¢ root

Y51 = A +
8

VF = VSl

caICQIate
a270

VF = VF-5

e. PROGRAMS AND SUBROUTINES USED

® wes "

83

return




PROGRAM L ISTING

a2

at

3

91

pRe——

e ——

47 RCL 31
48 x42

49 4

56 s

S1 RCL 38
52 3

53 Y4¥

54 27

55 7

56 +

57 SART
5§ ST0 33
59 RCL 3
&8 CHS

6l 2

6z ¢

63 +

f4 (333334
69 T

66 STO 32
67 RCL I
68 CHS

69 2
70 7/

71 RCL 33
72 -

73 333334
74 Y4¥

75 5TO 34
76 RCL 32
77+

78 ST @2
79,25

80 =

21 RCL 82
82 +

43 §T0 25
B4 SF 83
f5 GT0 “AGN®

geeLBL 18
g7 RCL 27
88 RCL 12
99 /

ag ST0 34
91 RCL 41
a2 -

34

67 %42

34 SERT
a5 . g8t
95 AW
97 ¥(=Yy?
98 GT0 1!
99 Rl U
188 RCL 4}
181 XHY?
182 G0 12
183 RCL 4t
{84 RCL 3!
185 %>¥?
186 670 13

187eL8L 12
188 RCL 29
188 5

118 -

111 870 25
112 GTO ~6GN°

113¢4BL 13
114 RCL 25
1155

116 +

117 §TC 28
118 GTO “QGN"

119(BL 1
128 CF @3
121 RCL 41
122 R-P
123 4STALL="
124 aRCL X
129 AVIEN
{26 STOP
127 RCL 25
128 1,68894
129 ¢

138 -y5=-
131 ARCL X
132 AVIEN
133 ST0P
134 END

s m s
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11, Inflzaw Razio
(2) PURPOSE
i This subroutinz calcula“es +the catins cf tn2 nz=t veloaci<y

21.

11

~nroygh “he -ctor sys<em t¢ thz tip sp

(b)Y ASSUMETICNS

Steady Zlcw thTtough the 249 systaa.

(c) EQUATIONS

A = - JCT/2

s A= - LA + u Tan a
2v' AT 4+ - 3
n_ = =1-F
°p (2P 550)/VF
X =

~7an (EP/H)

[*]

12




d. FLOWCHART

calculate |
inftfal
Ae !
|

4

&

1

es no
Y 10

return

1

calculate
a3

e e

1

calculate

1
|

YES @ NO
( return )

36




e. PROGRAMS AND SUBROUTINES USED

* WBS °*
f. PROGRAM L ISTING

39 RCL 03
B1eiBL “LOMB"

49 -
B2 RCL 14 41 122
%3 2 42 SERT
#d s 43 , BaBRS
85 SeRT 44 x4
%6 CHS 43 570 42
a7 370 @2 46 RCL 88
a8 i 47 ST0 83
1 B9 RCL 22 48 70 81
2 18 ¥¢=Y?
- 11 570 B¢ 4% Bt 82
12 ROL 28 58 RCL @8
s {3 556 51 870 43
o4 14 =
15 RCL 25 S2eLBL 86
i % 53 END
p 17 RCL 18
_ g -
8 19 870 23

20eLBL A1
21 RCL 14
22 THS

23 ROL A3
k. 24 ¥42
E 25 RLL 24
; 2 +

27 3QRT
8 2

29«

0 -

_ 21 ENTERt
¥ 2 RCL 23
. 73 R-D

14 TAN

35 RCL 22
% ¢

I8 370 88

L Y

-

37




12.  Aagis of Azzack az 22 Deg:zz2ss
a. PURPOSE

Infs subroutline calculates the angle of attack at the
azimuthal positlon of 390 degrees.

b. ASSUMPTIONS
a. Steady flow through the rotor system.
b. Blage osclillatfons are perfogfc 1n nature.
¢c. Only flirst narmonics of flapping are necessary for
calculating angle of attack.
d. The thrust vector passes through the C.G.
e. Only uniform twist of the rotor blade {s possible.

C. EQUATIONS
A

a%90 = 904 e2 + eT¢ (—T—:—;—)—

2
P9t

kipbey,” ¢

e

38




NG, <3

PEe pe i

T .7

RN

._.-4**

d.

FLOWCHART

( start )

recall
collective

anTlg

recall
cyclic

recall
1inear
twist

calculate
a%90

store In
R42

return

89




e.

f.

BT

PROGRAMS AND SUBROUTINES USED

' was '

" a30 "

PROGRAM L ISTING

AteLBL cs98°

a2
a2
A4
a5
26
a7
25
LR
18

IR
IS

(L 33
RCL 32
+

RCL 29
+

ENTER
RCL 82

REL 22
Y

on
[

32
14
15
16
"
alt

18
19
8

210 42
&-1

- £99D="
RCL X
AYIEM
sTop
END

30




a. PURPOSE
This subroutine calculates the power requfred due to com_

pressibfifty on the maln rotor sustem In forward,strafgnt
and leve) flignt in terms of horsepower, i

2. ASSUMPTIONS
a. Steady flow through the rotor system,
b. The ccmpressibiifty losses can be expressed as a function
of the amount by wnich the drag divergence Mach nunber is
exceeded at the tip of the advancing blade.

c. EQUATIONS

" - Y2 Mo
19 a

[ ]
M‘ - N‘ - N’" 0.06

|
Me" = 0.71 - 2.3 * a90 j
[
C.l= = + [0.012 AM‘ + 0,1 «» (AN.) ]
P = ¢ #pePILeR +v? ( WP )
" oc t

550




d. FLOWCHART

( start >

calculate
tip Mach
number

calculate
AMD

recall ad0

calculate
critical
Mach No

calculate
compressibfitty
power

store In
R18

return
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]
k f. PROGRAM LISTING

ALeLBL *CPE* o7 Rl a
o ort 137 18

- 25? 3 70 870 M

. 4 RCL U1

. VA

é 1%
pLo43 -
3,_ E 47 RCL AS
; .. 47 ¥42
i gl
ReL 12 .
) 86 2 4 %
. 47 ENTER*
= 48 RCL 13
49 3
CHS 56 1+
14 RCL 44 e
14 ;C s
1z '-YD an 52 SSG
18 5T0 2 3/
17 [HS >
. 5C’. . 54 Q0
: { S S5 RT0 18

—_— e DR R W
- X DD T

e
I3
[y

-
[V

SpelLBL 29

> -TD 578
22 670 3 A0 Y
27 3¢ 57D 18
3 14 ¥ .
3% ¥izy? S9e 8L 18

- .pr=‘
26 570 89 2? ARCL ¥
27 9L T 62 AVIEW
53 STOP

' a4 END

ol 10D 122
F o Jn o B
- g Ve
-
K

I b ) Py - D
x
o
-~
s

-
7
ki
3
-
3
3
-
7
-
-

1

-~




14, Sza.l Dowa:r

? a. PURPOSE
This subroutine estimates the aado!tional power required In

3 forward, strafgnht ang level! flfgnht due to retreating bDlade
stall, Adaltfonally, thls subroutine calculates a stall

correction factor, k‘ that corrects for the specfal case
of Inboard stalling.
b. ASSUMPTIONS

a. Steady flow through the rotor system.
b. The section drag coefficfent at stall jumps approxi-

mately 0.08 at stall onset.
c. The stalled area !s symmetric about the 270 degree

azimutnal position,
d. For all alrfolls conslidered, the static stall angile Is

approximately 12.5 degrees,

c. EQUATIONS

-8
bt s 1.0
2 te
T
wherea,
B «-uto - T
) 1
; [ = 0.218166 - © + ©
| ] 2
g B /2 « 8 + X
3 km-( 2 0 %)
‘ 1 - X
L
—_— 2 _ g2 (12
c”=(24'pt'(l‘u)“(l X}« (1-x2)
P =¢ «p«pPl «R*V
H 1] T
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d.

ki i et

Q.

-

FLOWCHART

K = 1.0

calculate
stall
correction

calculate
stall
‘power

app!¥
stal
correction

return

PROGRAMS AND SUBROUTINES USED
" vgs ®

'SD'

QCT.

'uﬂ

»ppL *

* LAMB ¥

95




f.

PROGRAM L ISTING

d1eLBL “CPS”
82 F§? 41
83 GTO @6
a4 RCL 30
85 RCL 88

2 +

LH
98
89 1

18 XOY
11 X¢=y?
12 GT0 81
131

14 570 23
15 GT0 @2

S £V

16eLBL @1
17 RCL 38
18 2

18 /

20 RCL 29
21 7/

22 RCL 20
23 +

24 CHS

25 ENTER?
261

27 RCL 38
28 -

2%

36 ST0 23

31eLBL 92
32 "K§="
33 ARCL X
34 AVIEN
35 STOP
36 SF 92
37 RCL 19
38 24
36/

49 PI

4] 7

42 ENTER®
43 1

44 RCL 22
45 -

46 X12

47 =

42 1

49 (L 30

61 RCL 13
62 3

63 Y&

64 RCL 23
65 »

66 PI

€7 ¢

68 RCL &5
69 X12

70 »

71 RCL 11

96

72 %

73 590
4/

75 870 23
76 FS? @2
77 GT0 &7

78¢LBL 86
79 9
86 ST0 23

B1eLBL 87
82 “P§="
83 ARCL X
84 AVIEW
85 SToP
86 END




15. ©t3l Pcueg

"3
"

a. PURPOSE

This subroutine calculates the total power required In
, forward, strafgnt and level flight, to include stall and
! ! compressibflity power In terms of hosepower.

I AT T R

C. ASSUMPTIONS
Power losses, such as transmissfon and cooling, can be
1gnored.

c. EQUATIONS.

pt=p| *po‘pp*Ps’Dn

d. FLOWCHART

start
reca11 P
recall P .
required power
recall P sum all
required power
required
recall p return
required
recall
stall
ower

97




€. PROGKAMS ANU SUBROUTINES USED

' W8S *
f. PROGRAM L ISTING

BleLBL “PTI-
82 RCL 28
83 RCL 16
a4+
85 RCL 21
86 +
87 RCL 23
o8 +
@9 RCL 18
10 +
11 *PT="
12 ARCL ¥
13 AVIEW
14 S0P
15 END

98




b.

C.

a.

PURPQSE
To generate values of alr densfty ana sonic velocity.

ASSUMPT IONS

(1) Geopotentfal aitftude (H), and geometric altitudes are
equal Delow 20,000 feet (actual aH = 29 ft),

(2) 1In the troposphere the standard temperature lapse
rate Is -3.57 F per 1000 feet.

EQUATIONS
e = T/Es. = (1,0 - 6.8753 E-06 * H )

SVEL = SVEkg_* SQRT(®)

RHO = 0.0023769 * (1.0 + HTH « (-,02875 + 0,000275 * HTH)
where,

HTH = DA/1000

( start )

calculate
sonic
veloclt

FLOWCHART

calculate
atlr
density

return
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e.

f.

PROGRAMS AND SUBROUTINES USED

' WBS °*
PROGRAM L ISTING

8ie(BL “DEN"
82 RCL 45
83 6.875 E-96
[ TI
85 CHS
8 !
87 +
88 SORT
89 1116.89
19
11 ST 42
12 RCL 45
13 1008
14 7
15870 B3
16 . 009275
17 »
18 -.02875
19 +
28 RCL 13
21 =
221
23 +
24 9823769
25 =
26 510 11
27 END

100




17.

b.

C.

Change

PURPQSE

This subroutine s used to expedite the changing of up
to five of the {nput parameters whenever a design restreint
{s exceeded and/or at the end of the main program,

ASSUMPT IONS

The primary parameters which will require changing are:

a.
b.
c.
d.
e.

EQUATIONS

VF

Forward velocity, VF;
blade twist, Tw;

11ft curve slope, a;
tip velocity, VT:
wefght, W:

(ft/sec) = VF (Kts) + 1.68894

101

} - .\,‘n-axﬁj

(Kts)
(rads)
(per rad)
(ft/sec)
(1bs)




d. FLOWCHART

start

set flags
oa, 27

o to IND t
9 R31 » stop
DISPLAY:
VF(Kts) ™ a vT w
prompt: ompt: rompt:
VF(Kts) ﬂrISTp =7 et =p?
change Kts to prompt: prompt:
ft/sec & store as=2? W gm?

NOTE: * returns ang

clear
flag 27

102

reruns mafn
program with
new data.




e.

SEEL s
-t
.

PROGRAMS AND SUBROUTINES USED

' wBsS °*
PROGRAM L ISTING

814LBL “CHG"
82 -RGN"
83 ASTO 31
84 CF 84

85eLBL 86
86 "CHAMGE?"
87 PROMPY
28 x=47
89 GT0 @7
18 SF 04
11 SF 27
12 °VF TH 3 VT -
13 PROWPT

14¢0BL A

15 “YF{(KTS)=?"
16 PROWPT
17 1.688%4
18 «
19 570 25
28 GT0 #5

21eLBL B
22 “TaIST=?"
23 PROWPT
24 870 29
23 GT0 &9

260LBL C
27 =7
28 PROMPT
29 ST0 48
38 GT0 85

103

J1eBL D
32 =¥1=2"
33 PRONPY
34 570 13
35 670 85

J6eLBL £
7 W=7
38 PROWPT
39 ST0 10

4@eLBL &
4 CF 27
42 GT0 06

43eLBL 87
44 F5? @4
45 GTO IND 31

46 END




D. HP 41-CV SAMPLE OUTPUT

Depending on <he valuse of forward valocity =hsre ar2
«hree possible <*ypes of outpuar that <h2 HP 41-CV compuczer
program is capablz of producing. Zxamplas of =hs <+hrea

nossible cases ars listed kbelow.

P1=791. 731153
Pil=224,584453
PP=R, HaBHER
v8=137.762848
YBEK=76. 8750
YMAX=163, 443338

CYCLIC=0, PRBRRE
£OLL=17.896947

4278=4,38079@
£980=4,880794
P3=9, H0BEGE
PN=0. 200400

PT=1.016,295686




I

'
[R)
T
[
1

W

at

i

CASE 2 : Focward velosity, VF, is g

-

stall cnse- velocizy.

i

P1=113.87
PN=352.43
PR=704.24
¥3=137.76
YBEK=75.86
yMAL=162,45

CYCLIC=-9.39
COLL=28.76

£278=17.7%
£98D=-1.63

#6=8,74
¥0=1.24

K$=8.9¢
pg=14§, 99

M=253.71

PT={,573. 0




LT

Forward va2lozity, VF,

~he maximum forward

Pi=187.18
PO=368. 92
PP=Rad, 72

¥8=137, 74
¥BEk=75. 86
YMRE=163, 45
¥F @ YHRY

CYCLIC=~18,53
S0LL=22.88

£98p=-1.23

46=8,72
20i=1,33

Ko=i.80
PC=136.:18

Pm=209, 23

AR

PT=1.766.15
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A. IBM 3033 PROGRAM DOCUMENTATION
This program calculates <h2 power =-2quized =z £ly a

heliceptar in forwarcd, s+%reigh+ and levzl high spz=2i

W

In =he sec*icns =iat £ollow all iapu=zs 2d iaplzazn<azica

c2quizzmen+s zr2 spscifiad. The pdroblsa s2lving asz-hecdclcay

15ed is as described in Chapter II. !

107




B. INPUT DATA REQUIRZD

In calculating <the vexformance of 3 halicop=2r iz is
nacessary %o defina a set ¢f fsrce conditions, anvi-onmenzal
conditions, and physical conditiorns. The Zorce zoniisiorns
raquirsed are +ke aircraf+ gress weight (W) iz pouands, +=has
maximum 1iZt coeffician+ (CLMAX) , &nd zhs <hz2 ccefficizn~ of
list 2% 2zezo angls of attack (CDO) . The enviconmern=al
corditons include, forward valocity (VFK) :ia kac%s, zpead of

souad (SVEL) in fest/sec, rTo=cT

in fee=,

user simplici+y,

ard air dsnsicty (RHO) in 1lb-%t /sec .

“he the spreed of scurd aani air 3d:nsi¢y arc

heigh< abova zhe arsuand (H)

For saka 2%

ganerated within the prcgraa and acs compacablz =2 <hz
values found ir a standard atmosphere =abla, Fiaally, <+he
ohysical conditions czagquiczad are =ha -3=3z radius (R) iz
fsez, <ip velocity (V) in £+4/sec, n1umdar of bladszs (b),
main 7otor chord (C) in feet, £lat plazz z-eca (FPA) ia €+ ,
ga29ome+=ic %twis* of the ro%ecr (TAIST) iz tz2dians, and airfoil
lis€% curve slcpe (CLA) in pe= radianms.

108
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Ce. HELICOPTER SAMPLE DATA
Tablz C.1 belpw illustrazas the fs-ma*t -equirzd when

inputing data.

RADIUS cpo i vz 22a
22. .0107% 1051 2. 738.0 17.
I¥IST 80. BLADES C03D INITIAL ¥EX  CLA
-, 1745 2. 2.25 3.0 5.73
H CL¥AX 90. ENGINES TYEEZ AIRFOIL DA
1000. 1.4 2e 7. 1000.
109
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D. IBM PROGRAM FLOWCHART

( start )

read
{nput.
dats

calculate
gisk area

calculate
soligity

calculate
{nduced
velocity

calculate
AMAX

calculate
coef of
thrust

calculate
G.E. ratlo

calcuylate
tip-loss
factor

Calculate
VMAX

calculate
induced
power

NO @ YES

apply GE
ratlo

GE = 1.0

\

correct
for tip
losses

calculat
proffle
ower

110




) calc&late
calculate stall
parasite parameters
power
calculate YES NO
T1,72, |
13,74
CPS = ¢ calculate
X0,XS
calculate ,
All, Al2,
Al13,Al4 l
calculate
calculate CcPS |
Inftial i
lambgda 5
i
i
c i
NO @ YES
YES NO |
| calculate KS = 1 ]
KS
calculate
fnflow
ratio
< v )
<VERR ] correction

calculate Aos i
cyciic, ’ 3
collective
é |

LR R

o  — com— e e s - .




calculate
a90

calculate
a270 VF = VF + . VF =
UVF VF -9V

calculate
Comp power

go to F

calculate
total
power

calculate
VOPT

stop

set VF =
VOPT

calculate
a270
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z. IBM PRCGRAM LISTING
This section contains <hs 1l:3*%ing

computsr program 3J2veloped in -his cevorr.

113
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<he

I3

3033




A HELICOPTER
HIotk

ANCE OF
LEVEL FLlIuHT,
CARMONA (JUN 83)

CPT W
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!

This sec+icn con<ains an 2xample zun 5 <h2 I3M compu<=sr
g orogram, utiliziny AHY-J Cobra 3ata, stacwiag at z forwari
E valocity ¢f 120 kmo<s and ¢erminasing az VMAX.
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POWER REQUIRED VS VELOCITY
FOR THE AH1-J USING THE HP 41-CV
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Figure C.1. Power Curves Generatad by HP41-CV Program.
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POWER REQUIRED VS VELOCITY
FOR THE AH1-J USING THE IBM 3033
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